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A B S T R A C T
Purpose: To determine factors influencing the development of posttraumatic osteoarthritis (OA)
following medial tibial plateau fractures and to evaluate concomitant injuries associated with these
fractures.
Materials and methods: A chart review of patients with operatively treated medial tibial plateau fractures
admitted to our Level I trauma centre from 2002 to 2008 was performed. Of 63 patients, 41 participated in
a clinical and radiographic examination. The mean age was 47 years (range 16–78) and the mean follow-
up time was 7.6 (range 4.7–11.7) years. All patients had preoperative computed tomography (CT) scans
and postoperative radiographs. At the end of follow-up, standing radiographs, mechanical axis, and CT
scans were evaluated.
Results: Of the 41 patients, 24 had no or mild (Kellgren-Lawrence grade 0–2) OA and 17 had severe (grade
3–4) OA. Initial articular depression measured from preoperative CT scans was a significant predictor of
OA (median 1.8 mm vs 4.5 mm, p = 0.009). Fracture line extension to the lateral plateau (p = 0.68) or
fracture comminution (p = 0.21) had no effect on the development of posttraumatic OA, nor did articular
depression at the end of follow-up (p = 0.68) measured from CT scans. Mechanical axis >4 of varus and
2 mm articular depression or step-off were associated with worse WOMAC pain scores, but did not
affect other functional outcome scores. Six patients (10%) had permanent peroneal nerve dysfunction.
Ten patients (16%) required LCL reconstruction and nine (14%) ACL avulsions were treated at the time of
fracture stabilisation.
Conclusions: The amount of articular depression measured from preoperative CT scans seems to predict
the development of posttraumatic OA, probably reflecting the severity of chondral injury at the time of
fracture. Restoration of mechanical axis and articular congruence are important in achieving a good
clinical outcome.
© 2017 Elsevier Ltd. All rights reserved.
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Fractures of the medial tibial plateau are rare. Even though
these fractures comprise only 10–20% of all proximal tibial
fractures, they generally have the worst prognosis [1]. These
fractures are usually a consequence of varus stress of the knee
along with axial loading [2]. The medial plateau carries about 60%$ Investigation performed at the Department of Orthopaedics and Traumatology,
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* Corresponding author.
E-mail address: markus.parkkinen@hus.fi (M. Parkkinen).
https://doi.org/10.1016/j.injury.2017.11.014
0020-1383/© 2017 Elsevier Ltd. All rights reserved.of the bodyweight and consequently has, as compared to the
lateral plateau, a denser subchondral bone [3]. This structural
difference, combined with the anatomical valgus axis of the knee
and natural tendency of external impact laterally, makes the lateral
side more prone to fractures. Medial plateau fractures thus usually
are thought to result from a high-energy trauma, unlike more
common lateral plateau fractures [1,4]. However, in one recent
study half of the medial plateau fractures were caused by low-
energy trauma [5].
Medial plateau fractures have a high prevalence of concomitant
injuries. Of these, lateral collateral ligament (LCL) and anterior
cruciate ligament (ACL) injuries are the most common, as are
peroneal nerve injuries [6,7]. Many authors recommend operative
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in the fracture [4,8–10]. The premise is that since the medial
plateau carries a higher proportion of the knee’s load than the
lateral side, it might cause these fractures to dislocate more easily.
Especially, posterior shearing fractures of the plateau are prone to
dislocate. There is still little data on the medium and long-term
outcomes following operative treatment of these fractures. Some
evidence indicates that the quality of the medial plateau fracture
reduction, measured from plain x-rays, affects the resulting
functional outcome [9].
The primary objective of this study was to determine fracture-
and surgery-related factors that could influence the development
of posttraumatic osteoarthritis (OA). Our hypothesis was that
residual articular incongruence is related to the development of
OA. The secondary objective was to evaluate functional outcome
and the type of concomitant injuries associated with these
fractures. The local Ethical Committee approved the study and
we obtained informed consent from each patient.
Materials and methods
We performed a chart review of all patients with operatively
treated tibial plateau fractures who were admitted to our Level I
trauma centre between 1 January 2002 and 31 December 2008. A
total of 389 patients with proximal tibia fractures were identified
in the hospital database. We reviewed knee radiographs and
routine multi-detector computed tomography (CT) scans with
axial, sagittal, and coronal reformations and classified fractures
according to the AO/OTA [11] classification system. From this
cohort, we identified 63 patients with AO/OTA type 41-B1.2, B1.3,
B3.2, and B3.3 medial plateau fractures (Fig. 1). All but one patient
had preoperative CT scans for accurate evaluation of fracture
morphology. Fourteen of these 63 patients also had a preoperative
MRI examination. The indication for operative treatment at our
institution was any displacement of the medial tibial plateau
fracture. We reviewed hospital records, including operative reports
and clinical notes, and determined the nature of the injuries and
complications of either the fracture or its treatment.
The most common mechanisms of injury were same-level falls
in 28 patients and road traffic accidents in 14 patients. Other
frequent injury mechanisms included the following: bicycle
accident in 9 patients, sports-related injury in 8 patients,
automobile collision with a pedestrian in 2 patients, and falls
from a height greater than 1 m in 2 patients.
Operative technique
All patients were treated using the standard techniques of
exposure, open reduction, and stable internal fixation. Twenty-two
patients had a temporary external fixation until swelling was
reduced and the remainder had a splint while awaiting surgery.
The most common approach for fracture reduction was poster-
omedial (52 patients, 83%) and 13 of these patients also had anFig. 1. Medial tibial plateau fracture subtypes (A = B1.2, B = B1.3additional anterolateral approach performed [12]. Eight patients
were operated from an anterior approach, two patients were
operated from an anterolateral approach only, and one was treated
using a percutaneous technique. Ten patients had an additional
lateral approach used for lateral collateral ligament (LCL)
reconstruction. Thirty-four fractures were stabilized using angular
stable plates and 22 using traditional buttress plates. Seven
patients had only screw fixation. The postoperative management
protocol included early mobilization using a hinged knee brace. All
patients were instructed to be non-weight bearing for the first six
to ten weeks, followed by partial weight bearing for a further two
to six weeks depending on the operating surgeon’s intraoperative
assessment of fracture comminution and stability.
Clinical and functional evaluation
Of the 63 patients, 41 were able to participate in a follow-up
visit. The patient characteristics are summarized in Table 1. Two
patients underwent total knee arthroplasty and thus were not
included in the clinical and functional evaluations. Seven patients
completed functional evaluation information forms, but were
unable to attend the follow-up visit. Fifteen patients were excluded
from the study due to no follow-up data (Fig. 2). The mean follow-
up time was 7.6 (range 4.7–11.7) years.
One orthopaedic surgeon (MP) examined patients at the follow-
up visit. Valgus and varus laxity were evaluated using manual
testing in extension and in 30 of flexion. To assess anterior laxity,
the Lachman, anterior drawer, and pivot shift tests were used.
Posterior laxity was evaluated using the posterior drawer test.
Range of motion was measured using a goniometer. Results were
compared to the uninjured contralateral knee. Patients completed
two validated functional outcome measurement tools; the
Modified Lysholm knee score and the Western Ontario and
McMaster Universities Osteoarthritis index (WOMAC) [13,14].
Radiological analysis
For the current study, weight-bearing knee radiographs were
obtained at the follow-up visit to evaluate the stage of
posttraumatic OA according to the Kellgren-Lawrence classifica-
tion (grade 0 to 4) [15]. Radiographs were obtained with the knees
in (neutral) extension and the tibias in neutral rotation. Full-lenght
radiographs of the lower extremities were taken to evaluate the
mechanical axis. Computed tomography (CT) (GE Discovery CT750
HD, General Electric Medical Systems, Milwaukee, WI, USA) of the
injured knee was obtained at the end of follow-up to measure the
depression of the joint surface. Axial 1.25-mm thick reconstruc-
tions and 2-mm sagittal and coronal reformation were used for the
analysis. The residual depression of the joint surface was also
measured from the first postoperative conventional non-weight
bearing radiographs. The images were independently evaluated on
clinical PACS workstations (IMPAX DS 3000, version 4.5, Agfa-, C = B3.2, and D = B3.3) according to AO/OTA classification.
Table 1
Characteristics of 41 patients with medial condyle fractures.
Characteristics Patients (%) with no or mild OA (n = 24)a Patients (%) with moderate of severe OA (n = 17)b p value
Age, mean (range), years 46 (16–78) 47 (29–73) 0.89
Mean body mass index (range), kg/m2 27 (20–38) 29 (21–59) 0.59
Male gender, n (%) 18 (75) 8 (47) 0.067
ASAc class 3 or 4, n (%) 4 (17) 3 (18) 1.00
Fracture type, n (%) 0.41
B1.2 2 (8) 0
B1.3 4 (17) 1 (6)
B3.2 9 (37.5) 6 (35)
B3.3 9 (37.5) 10 (59)
Open fracture, n (%) 1 (4) 1 (6) 1.00
a Kellgren-Lawrence grade 0–2.
b Kellgren-Lawrence grade 3–4.
c American Society of Anesthesiologists.
Fig. 2. A flow chart of the inclusion of patients with operatively treated tibia medial plateau fractures.
Table 2
Radiological results of 41 patients with medial condyle fractures.
24 patients with no or mild OAa 17 patients with moderate of severe OAb p-value
Involvement of lateral condyle, n (%) (B1.3, B3.3) 14 (58) 11 (65) 0.68
Comminuted fracture (B3.2, B3.3) 18 (75) 16 (94) 0.21
Median articular depression in preoperative CT scan (range), mm 1.8 (0–8.5) 4.5 (0–9.4) 0.0093
Median articular widening in preoperative CT scan (range), mm 2.5 (0–15.5) 2.5 (0–17) 0.75
Median articular depression in first postoperative x-ray (range), mm 0.0 (0–4.2) 1.0 (0–3.9) 0.18
Median articular depression at the end of follow-up in CT scan (range), mm 0.8 (0–3.4) 1.2 (0–7)c 0.68
Median mechanical axis (range) 1.3 varus (8.1 valgus–11.8 varus) 5.0 varusc (4.8 valgus–9.7 varus) 0.36
a Kellgren-Lawrence grade 0–2.
b Kellgren-Lawrence grade 3–4.
c Data for 38 patients (2 patients with total knee arthroplasty and 1 patient with no postoperative CT or mechanical axis images excluded).
372 M. Parkkinen et al. / Injury, Int. J. Care Injured 49 (2018) 370–375
Fig. 3. Radiographs of a 41-year old woman who sustained a medial tibial plateau
fracture after falling from a bicycle (a). Pre-operative CT (coronal view) showed
marked articular depression (b). ORIF with medial locking plate was performed (c).
Follow-up standing radiograph shows severe post-traumatic OA (K-G grade 3) (d).
M. Parkkinen et al. / Injury, Int. J. Care Injured 49 (2018) 370–375 373Gevaert N.V., Mortsel, Belgium) by two musculoskeletal radiol-
ogists, and mean measurement values were used.
Statistical analysis
An independent biostatistician performed the statistical
analysis of the data. The differences in categorical variables
between patients with or without posttraumatic OA were analysed
with chi-square test or Fisher’s exact test. The mean ages between
patient groups were compared using two-sample t-test. The
Mann-Whitney U test was used to test the difference in non-
normally distributed continuous variables between patients.
Receiver-operating characteristics (ROC) analysis and Youden’s
(sensitivity + specificity-1) index were used to find the optimal cut-
off value for depression measured from preoperative CT scans in
predicting posttraumatic OA. The maximum value of the Youden’s
index was used as a criterion for selecting the optimal cut-off value.
Statistical analyses were performed with SAS System for Windows,




Of the 41 patients, 24 had no or mild (Kellgren-Lawrence grade
0–2) OA and 17 had severe (grade 3–4) OA. Radiological results of
41 patients with follow-up x-rays are shown in Table 2. Initial
articular depression measured from preoperative CT scans was a
significant predictor of posttraumatic OA (p = 0.009) (Figs. 3 and 4).
The optimal cut-off value for depression was 3.4 mm in
predicting posttraumatic OA (sensitivity 0.81, specificity 0.75,
positive predictive value 0.68, and negative predictive value 0.86)
(Fig. 5). Area under the ROC curve was 0.74.
Patients with median mechanical axis >4 of varus had
significantly more WOMAC pain (p = 0.045), but there was no
difference in WOMAC stiffness (p = 0.85), WOMAC function
(p = 0.13), and Modified Lysholm (p = 0.16) scores compared to
patients with 4 of varus. The difference in mechanical axis
compared to the uninjured leg was not associated with an
increased risk of posttraumatic OA (p = 0.10). Patients with
articular depression or step-off 2 mm in the first postoperative
radiographs had more WOMAC pain (p = 0.044), but no difference
in WOMAC stiffness (p = 0.83), WOMAC function (p = 0.12), and
Modified Lysholm (p = 0.96) scores.
Additional injuries and complications
Six out of 63 patients had permanent peroneal nerve
dysfunction. There were no vascular injuries. Six patients
developed compartment syndrome necessitating fasciotomy. Ten
patients (16%) had LCL repair or reconstruction performed at the
time of fracture stabilisation; 7 out of 20 (35%) with isolated medial
plateau fractures (B1.2, B3.2) and 3 out of 43 (7%) with an oblique
fracture type (B1.3, B3.3). The diagnosis of LCL injury was based on
clinical evaluation after stabilization of the medial plateau fracture.
Seven patients also had MRI. Patients who had LCL reconstruction
or repair performed had similar risk for OA as patients without LCL
injury (p = 1.00). Nine patients (14%) also had a displaced ACL
avulsion fixation performed. One patient had delayed ACL
reconstruction and one patient had delayed ACL and PCL
reconstruction due to subjective instability and cruciate ligament
injury seen on MRI.
There were two open fractures. One was Gustilo grade I and the
other was grade IIIB, which required gastrocnemius muscle flap
coverage at the time of fracture stabilisation. The patient with thegrade IIIB open fracture developed a persistent infection and the
osteosynthesis material was removed after fracture healing one
year from the index operation. This patient did not develop
posttraumatic OA at 6 years follow-up time.
Functional results after follow-up
The functional results of 39 patients with follow-up visits and
the seven patients without follow-up x-rays are presented in
Table 3. At the follow-up visit, three patients demonstrated a minor
extension deficit (0–5). Fifteen patients had minor flexion deficit
(5–15), and eight patients had flexion deficit of 20–30. All the
patients who had ACL avulsion fixed at the time of fracture
stabilization had stable ACL at the clinical examination. At the
follow-up, two patients had residual ACL laxity, one patient PCL
laxity and one patient both ACL and PCL laxity with no cruciate
ligament reconstruction. These patients had no subjective
instability, thus no surgical treatment was warranted. One patient,
who had delayed ACL and PCL reconstruction done, also had minor
residual PCL laxity. Three patients had mild grade I MCL laxity, and
none had LCL instability. The mean Lysholm score of the six
patients with peroneal dysfunction was 72 (range 51–87), the
mean WOMAC pain score was 16 (range 2–57), stiffness score was
22 (range 8–66) and function score 19 (range 0–55).
Fig. 4. Radiographs of a 33-year old male who sustained a medial tibial plateau
fracture resulting from a motorcycle accident (a). Pre-operative CT (coronal view)
showed minimal articular depression at the tibia (b). ORIF with medial locking plate
was performed (c). Follow-up standing radiograph shows minimal post-traumatic
OA (K-G grade 1) (d).
Fig. 5. Receiver operator curve for depression measured from preoperative
computed tomography (CT) scans to predict the development of posttraumatic
OA (area under the curve = 0.74). The optimal cut-off value (circle in figure) for
depression measured from preoperative CT scans was 3.4 mm (sensitivity 0.81,
specificity 0.75, positive predictive value 0.68 and negative predictive value 0.86).
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The primary objective of this study was to determine fracture-
and surgery-related factors that could influence the development
of posttraumatic osteoarthritis (OA). Our hypothesis
was that residual articular incongruence is related to the
development of OA. According to previous studies, about 20–44%
of the patients will develop posttraumatic OA after a proximal tibiaTable 3
Functional results of patients with medial condyle fractures.
24 patients with no or mild OA 15 patients with 
Median WOMAC (range)
Pain 5 (0–57) 7 (0–60) 
Stiffness 4 (0–66) 12(0–77) 
Function 3 (0–55) 18 (0–63) 
Median Lysholm (range) 89 (51–100) 69 (35–99) 
a 2 patients who underwent total knee arthroplasty excluded.
b Mann-Whitney U test; patients with moderate or severe OA compared with no or fracture [16–19]. Yet, only 7% of the patients developed posttrau-
matic arthritis needing arthroplasty after 10 years of follow-up
after the injury [20]. In our study, 17 out of 41 patients (41%)
developed Kellgren-Lawrence grade 3–4 posttraumatic OA after a
mean 7.6 years of follow-up. Two of these patients underwent total
knee arthroplasty because of severely painful arthritis. Develop-
ment of posttraumatic OA may be caused by initial trauma to the
tibial plateau cartilage [21–23] or may develop due to an altered
axial loading pattern to the tibial plateau caused by articular
incongruence or malalignment [8,24,25]. In the current study, the
initial depression of the fracture as seen on the preoperative CT
scan predicted the development of OA. The fracture subtype
according to AO/OTA classification did not seem to predict the early
progress of OA. The quality of postoperative reduction, measured
from the first postoperative x-ray and CT scan at the end of follow-
up, did not predict the development of posttraumatic OA between
the two groups.
The second objective was to evaluate functional outcomes and
the type of concomitant injuries associated with these fractures.
The functional outcome after open reduction and internal fixation
of medial plateau fractures were generally good. The median
WOMAC scores were comparable to population-based normative
values [26]. The functional outcome results were worse in the
group with Kellgren-Lawrence grade 3–4 OA.
Concomitant injuries related to medial plateau fractures are
common. Gardner et al. reported in their magnetic resonance
imaging (MRI) analyses that the incidence of complete LCL rupture
was 57% in Schatzker IV fractures (n = 7) [7]. It should be noted that
MRI might over-diagnose clinically relevant soft tissue injuries in
the presence of fracture [27]. Kannus et al. have reported
unsatisfactory results of grade III LCL ruptures treated conserva-
tively [28]. Primary repair of LCL is indicated for bony avulsions;
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LCL rupture at the clinical evaluation necessitating reconstruction.
None of the patients at the follow-up visit had residual LCL laxity.
All the ACL avulsions were fixed by the time of ORIF and these were
found to be stable at the follow-up. A preoperative MRI could be
advisable when treating these fractures, since there is a high
prevalence of ligament injuries demanding early operative
treatment. Some authors have noted that the severity of associated
injuries (vascular, neurological, compartment syndrome) tend to
increase as the main fracture line moves laterally [30]. In the
current study, we found that most of the LCL ruptures and peroneal
nerve injuries were seen in isolated medial condyle fractures,
where the lateral condyle was intact. Only six patients (10%) in the
current study developed compartment syndrome.
In one previous study medial plateau fractures were suggested
to also carry a high risk for vascular injuries [6]. However, there is
not much evidence to support this in the literature. Bennet et al.
performed routine arteriography for these patients, but found no
vascular injures [31]. In our data from 63 patients with medial
plateau fracture, there were no vascular injuries.
The current study had some limitations. Being a cohort study,
there were some patients lost to follow-up. Development of
posttraumatic OA is multifactorial and in a retrospective study the
data is often limited regarding available variables. Since there were
different fracture subtypes (split and comminuted), fracture
fixation methods were not evaluated, but rather the quality of
the reduction. Therefore, we cannot make any recommendation
regarding the best fixation method. Only 14 out of 63 patients had
preoperative MRI performed, thus we have no comprehensive data
on the prevalence of meniscal injuries and only clinical data on the
treatment of ligament injuries. Nonetheless, to our knowledge this
is the largest study in the English literature examining the
outcomes of medial tibial plateau fractures. An important strength
of this study was that measurement of articular congruence was
performed both preoperatively and at the follow-up visit using CT.
Conclusions
Good functional outcome can be achieved with ORIF of most
medial tibial plateau fractures, but the development of post-
traumatic OA is common. The amount of articular depression as
measured from preoperative CT scans seems to predict the
development of OA. When treating these fractures, restoration
of mechanical axis and articular congruence are important as
mechanical axis >4 of varus and 2 mm articular depression or
step-off are associated with worse WOMAC pain scores.
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